of mechanical threshold by dantrolene was dependent on the concentration of calcium in the medium and the effects of dantrolene and Ca++ are additive to each other.On the other hand,the action of dantrolene is antagonized by Ca++ with respect to the peak tension in 190mM K+.
In addition,dantrolene did not release 45Ca from the self-exchangeable Ca fraction and did not affect the exchange of 45Ca in the self-exchangeable Ca fraction with 40Ca.It was also observed that dantrolene had no appreciable influence on the ultrastructure of muscle fibers under our experimental conditions.On the basis of these results,the mechanism of action of dantrolene on the activation of excitation-contraction coupling,the relation between the drug and calcium actions and the drug
In a previous paper (TAKAUJI et al.,1975) ,it was reported that dantrolene sodium blocks the excitation-contraction coupling in frog skeletal muscle fiber mainly by acting on the membrane of transverse tubules and possibly the triadic junction.
The present work was undertaken to obtain information on the action of dantrolene on the activation of excitation-contraction coupling in the single muscle fiber of frog and on the relation of the actions between the drug and calcium ions.The drug effects on the Ca movement mainly at transverse tubular membrane and on the fine structure of muscle fibers were also investigated. Preliminary reports on this work were given at the 53rd General Meeting of the Physiological Society of Japan (TAKAUJI et al.,1976) .
MATERIALS AND METHODS
Single fibers for mechanical experiments were dissected from the semitendinosus muscles of frog,Rana japonica.
Electrical,mechanical and biochemical experiments and the preparation of frog fragmented sarcoplasmic reticulum were done essentially in the same way as described in a previous paper (TAKAUJI et al.,1975) .
Experiments on Ca influx and Ca efflux were performed as described by WEISS and BIANCHI(1965) and BIANCHI and SHANES(1959 In a previous paper (TAKAUJI et al.,1975) ,we briefly described that 45Ca uptake ability of frog fragmented sarcoplasmic reticulum(SR)was not affected by dantrolene. Figure  4 gives a result in detail.Ten and twenty,uM dantrolene did not affect the rate and the amount of Ca uptake by fragmented SR.Therefore, the possibility is excluded that the acceleration by dantrolene of the spontaneous T.NAGAI larger at this [Ca++] o.This dantrolene induced inhibition was removed by the addition of calcium;full removal was observed at 1mM Ca.In addition,peak tension induced by 190mM K+ decreased with increasing the concentration of dantrolene at a given concentration of Ca++ (Fig.7) .These results clearly indicate that the action of dantrolene is antagonized by Ca++ with respect to the peak tension in 190mM K+. to be approximately 200A and 150A,respectively.A scalloped profile,that is, the periodically repeating dense and less dense structure was clearly observed at the triadic junction,which is the area of contact between T-tubule and terminal cisterna.These results are similar to those reported previously by many workers (WALKER and SCHRODT,1966; KELLY,1969; FRANZINI-ARMSTRONG,1970; OoTA and NAGAI,1973) . Figure 9C and D shows the ultrastructure of the dantrolene treated muscle fibers.The enlargement of the diameter of T-tubule and the marked change at the triadic junction were not observed in the muscle fibers.The scalloped profile was not also altered in the dantrolene treated fibers.Furthermore,no significant structural changes of surface membrane,transverse tubular membrane,sarcoplasmic reticulum,contractile elements,mitochondria and nuclei were observed. 
DISCUSSION
Dantrolene inhibited the peak tension of the contracture induced by 20 to 60mM K+,as shown by the shift of the activation curve to the right without changing the membrane potentials at various K+ concentrations (Fig.1) .This inhibition can be explained by considering that the drug directly inhibits the activation process itself by elevating the threshold for the mechanical activation. On the other hand,it has been found that dantrolene accelerates the inactivation process of K+ contracture as evidenced by the shift of the inactivation curve to the left(this will be shown in the following paper, TAKAUJI and NAGAI(1977) ). A possibility might,therefore,be considered that the inhibition of the contracture tension by dantrolene is indirectly caused by the facilitation of the inactivation process by it.However,on the basis of our experimental results indicating that the time courses of the inhibition of activation process and the inactivation process are clearly different from each other and that dantrolene itself did not carry about the inactivation under the conditioning at 2.5mM K+(see Fig.3 in the following paper, TAKAUJI and NAGAI(1977) ),this possibility can be excluded.
As mentioned above,dantrolene shifted the activation curve to the right without changing the depolarization produced by a given K+ concentration (Fig.1) . Thus the mechanical threshold itself was elevated by dantrolene.This fact implies that dantrolene may act as a stabilizer for the mechanical activation. This view is supported by the fact that high Ca++,which has been known to be a stabilizer,markedly shifts the mechanical threshold of K+ contracture to the right (LUTTGAU,1963; FRANKENHAEUSER and LANNERGREN,1967; SHINOZAKI and OOTA,1976) .In addition,our another experiment shows that the extent of the elevation of mechanical threshold by dantrolene increased with increasing the concentration of Ca++ (Fig.5) .A possible explanation of this result is that the potentiation of dantrolene effect by Ca++ may be a result of the additive effect of these two stabilizers.This also supports the above view on the mechanism of action of dantrolene. LUTTGAU(1963) explained the elevation of mechanical threshold induced by Ca++ in high concentrations as a result of the reduction of surface potential. Recently, DORRSCHEIDT-KAFER(1976) has also suggested that in frog skeletal muscle fibers the shift of contraction threshold to more positive potentials by Ca++,Mg++ and H+ reflects the reduction of the surface potential.Taking into account of this view,the increased mechanical threshold with dantrolene might be explained by the reduction of surface potential,which is carried out through some action of the drug on muscle fiber membrane,similarly to the case of high Ca++.However,it should be noticed that dantrolene shifted the inactivation curve to the left (see Fig.4 ,in the following paper, TAKAUJI and NAGAI(1977) ),in contrast to a high Ca++ which has been known to shift the inactivation curve to the right (LUTTGAU,1963; SHINOZAKI and OOTA,1976 and SHANES,1959; WEISS and BIANCHI,1965; BIANCHI,1968; OOTA et al.,1976; OOTA and NAGAI,1976 
